Although the benefits of carvedilol have been demonstrated in the era of percutaneous coronary intervention (PCI), very few studies have evaluated the efficacy of bisoprolol in the secondary prevention of acute myocardial infarction (MI) in patients treated with PCI. We hypothesized that the effect of bisoprolol would not be different from carvedilol in post-MI patients. A total of 13,813 patients who underwent PCI were treated either with carvedilol or bisoprolol at the time of discharge. They were enrolled from the Korean Acute MI Registry (KAMIR). After 1:2 propensity score matching, 1,806 patients were enrolled in the bisoprolol group and 3,612 patients in the carvedilol group. The primary end point was the composite of major adverse cardiac events (MACEs), which was defined as cardiac death, nonfatal MI, target vessel revascularization, and coronary artery bypass surgery. The secondary end point was defined as all-cause mortality, cardiac death, nonfatal MI, any revascularization, or target vessel revascularization. After adjustment for differences in baseline characteristics by propensity score matching, the MACE-free survival rate was not different between the groups (HR=0.815, 95% CI:0.614-1.081, p=0.156). In the subgroup analysis, the cumulative incidence of MACEs was lower in the bisoprolol group in patients having a Killip class of III or IV than in the carvedilol group (HR=0.512, 95% CI: 0.263-0.998, p=0.049). The incidence of secondary end points was similar between the two beta-blocker groups. In conclusion, the benefits of bisoprolol were comparable with those of carvedilol in the secondary prevention of acute MI.
INTRODUCTION
Although beta-blockers are recommended as a standard medical treatment after myocardial infarction (MI), most studies supporting the use of beta-blockers were conducted in the pre-thrombolytic or thrombolytic era. [1] [2] [3] Recently, several studies have reported that beta-blockers improve clinical outcomes in acute MI patients treated by percutaneous coronary intervention (PCI). 4, 5 The current guidelines recommend that beta-blockers should be used in all post-MI patients, unless there are contraindications. 6, 7 In real clinical practice, a nonselective beta-blocker such as carvedilol or a beta-1-selective beta-blocker such as metoprolol, bisoprolol, or nebivolol are frequently used in the secondary prevention of acute MI. Whereas the benefits of carvedilol were demonstrated in a randomized controlled trial, there have been very few studies about the impact of bisoprolol on patients with acute MI. 8 Since the pharmacologic action of bisoprolol is somewhat different from that of carvedilol, it is necessary to evaluate the differences in terms of benefits between carvedilol and bisoprolol. 9 The purpose of this study was to compare the clinical benefits of bisoprolol with those of carvedilol in post-MI patients.
MATERIALS AND METHODS

Study population and protocol
From November 2005 to January 2012, a total of 36,580 patients with acute MI were registered from the Korea Acute MI Registry (KAMIR). Among the enrolled patients, those who died in the hospital (n=1795) or who were not treated with a beta-blocker at discharge (n=10,396) were excluded. Patients who did not undergo PCI or who were treated with other types of beta-blockers were also excluded. After the exclusion of these patients, 10,281 patients were defined as the carvedilol group and 3,532 patients as the bisoprolol group.
To adjust for selection bias and differences in baseline characteristics, propensity score matching was performed. After the 2:1 propensity score matching, 3612 patients treated with carvedilol and 1806 patients treated with bisoprolol were analyzed. The initial dose of beta-blockers was determined by the individual clinicians, and titration was performed according to each patient's clinical status. The use of a beta-blocker was continued unless the patient presented with side effects such as bradycardia or hypotension during follow-up.
The KAMIR is a multi-center observational trial that was organized to address the demographic and angiographic features and cardiovascular outcomes of acute MI. This registry was supported by a research grant from the Korean Circulation Society and the study protocol was evaluated and recognized by the ethics committee at each hospital.
Acute MI was defined as a typical pattern of increase or decrease of the levels of cardiac biomarkers and at least one of the following: 1) typical angina pain or angina-equivalent symptom, 2) pathologic Q wave in the electrocardiogram, 3) new significant ST segment or T wave deviation or new-onset left bundle branch block, or 4) identification of coronary artery lesion by angiography. 10 Patients over 18 years of age, who had been treated with a beta-blocker before the episode of acute MI, were included in this study. Patients without significant coronary artery stenosis on angiography or those with MI due to coronary artery spasm were excluded.
PCI was performed according to a standard protocol, and administration of anticoagulation agents such as unfractionated or lower molecular weight heparin was left to the decision of the individual clinicians. The decision between pre-dilatation and direct stenting was made by the operator. For ST-segment elevation MI (STEMI) patients, primary PCI was done to restore blood flow in the target vessel as soon as possible. The prescription of other medications such as anti-platelet agents, renin-angiotensin system blocker, statin, or aldosterone antagonist was based on the patient's clinical status.
End points and follow-up
The primary endpoint was defined as a major adverse cardiac event (MACE). The secondary end point was the incidence of all-cause death, cardiac death, recurrent nonfatal MI, any revascularization, or target-vessel revascularization respectively. The cumulative incidences of primary and secondary endpoints over 2 years were compared between the carvedilol and bisoprolol groups. MACEs were defined as the composite of cardiac death, nonfatal MI, target vessel revascularization, and coronary artery bypass surgery. Cardiac death was defined as all-cause death without a definite noncardiac cause, and recurrent MI was defined as recurrent symptoms or new electrocardiographic change with elevation of cardiac biomarkers at least double the upper limit of the reference range. Any repeated coronary intervention in the previous target vessel was defined as target vessel revascularization.
To adjust for differences in clinical and angiographic characteristics, we used propensity score matching. We compared baseline characteristics and evaluated clinical outcomes before and after propensity score matching. To address other factors that may interfere with the benefit of these two beta-blockers, we performed subgroup analyses for MACEs and all-cause mortality.
Statistical analysis
All analyses were performed using SPSS version 21. Categorical baseline characteristics were presented as counts and percentages and continuous variables as average values±standard deviations. Continuous baseline characteristics were compared and evaluated by use of the Student's t-test and the categorical baseline variables by Pearson's chi-square test. The cumulative MACE-free survival and all-cause-death-free survival rates were evaluated using the life-table method and were compared by the log-rank method between the carvedilol and bisoprolol groups. The hazard ratio (HR) of treatment with bisoprolol compared with carvedilol was calculated by Cox regression analysis. HRs and 95% confidence intervals (CIs) were calculated and all tests were two-tailed. p values＜0.05 were considered significant.
Comparison of baseline characteristics and survival analyses was also done after propensity matching. The logistic regression model was used in propensity score matching. The covariants matched in this analysis were systolic and diastolic blood pressure, type of MI, left ventricular ejection fraction, Killip classification, cardiac biomarkers, the level of high-sensitivity C-reactive protein, and the use of a renin-angiotensin system blocker, statin, or spironolactone. The predicted accuracy of this propensity score matching model was evaluated with an area under the receiver operating characteristic curve (C statistic), 
RESULTS
Before propensity score matching, systolic and diastolic blood pressure were lower and heart rate was higher in the bisoprolol group. Also, the left ventricular ejection fraction was lower and the percentage of patients with a Killip class≥ II was higher in the bisoprolol group. The level of high-sensitivity C-reactive protein on admission and the rate of use of a renin-angiotensin system blocker also differed significantly between the two groups. After propensity score matching however, there were no significant differences in baseline clinical characteristics between the two groups ( Table 1) .
Several angiographic and procedural characteristics also differed between the two groups before propensity score matching. The angiographic type and location of the culprit
FIG. 1.
Comparison of the major adverse cardiac event (MACE)-free survival rate between the carvedilol and bisoprolol groups in post-myocardial infarction patients before (A) and after (B) propensity score matching. HR: hazard ratio. lesion differed, as did the rate of use of bare-metal stents or drug-eluting stents. However, these differences were also adjusted appropriately with propensity score matching ( Table 2 ). In the primary end point, there was no significant difference in the cumulative incidence of MACEs between the groups (HR=0.902, 95% CI: 0.732-1.112, p=0.334; Fig.  1A ). In the propensity-score-matched population also, the cumulative incidence of MACEs was not significantly different between the two groups (HR=0.815, 95% CI:0.614-1.081, p=0.156; Fig. 1B ). In the overall population, allcause-death-free survival was similar between the groups (HR=0.900, 95% CI:0.686-1.181, p=0.446; Fig. 2A ). The results were also not significantly different after propensity matching (HR=0.937, 95% CI:0.646-1.357, p=0.729; Fig. FIG. 2 . Comparison of the cumulative survival rate between the carvedilol and bisoprolol groups in post-myocardial infarction patients before (A) and after (B) propensity score matching. HR: hazard ratio.
FIG. 3.
Comparison of secondary end points between the carvedilol and bisoprolol groups in post-myocardial infarction patients after propensity score matching: (A) cardiac death, (B) nonfatal myocardial infarction (MI), (C) repetition of revascularization, and (D) target vessel revascularization (TVR).
2B). Treatment with bisoprolol did not reduce the risk of cardiac death, recurrence of MI, any revascularization, or target-vessel revascularization compared with carvedilol (Fig. 3) .To clarify the factors that intervene in the impact of bisoprolol or carvedilol, subgroup analyses were performed for MACEs or all-cause mortality. The analysis in the propensity-matched population showed that the cumulative incidence of MACEs was lower in the bisoprolol group in patients having a Killip class of III or IV (HR= 0.512, 95% CI: 0.263-0.998, p=0.049). However, the benefit of bisoprolol was not significantly different from that of carvedilol in MI patients with a Killip class of I or II. The interaction between type of beta-blocker and Killip classification was not significant (p=0.157). Other factors such as age, type of MI, hypertension, diabetes mellitus, hyperlipidemia, and the left ventricular ejection fraction did not significantly affect the benefits of bisoprolol or carvedilol (Fig. 4) .The subgroup analysis for all-cause death revealed that the benefit of bisoprolol was similar to that of carvedilol in all subgroups (Fig. 5) .
DISCUSSION
Although beta-blockers as the optimal medical therapy are recommended in post-MI patients, the superiority or inferiority of carvedilol relative to bisoprolol is not known and the pharmacological actions of these two beta-blockers differ. 9 However, very few trials have evaluated the differences in clinical benefits between carvedilol and bisoprolol in post-MI patients treated by PCI. The results of the present study demonstrated that bisoprolol had comparable benefits with carvedilol in the secondary prevention of acute MI.
Treatment with beta-blockers reduces major coronary events and improves survival in patients with acute MI. 3, 11, 12 However, most trials that support the use of be-ta-blockers were carried out in the era before antiplatelet therapy, angiotensin-converting enzyme inhibitors, statins, or PCI. To resolve this absence of contemporary data, several studies have evaluated the benefit of beta-blockers in the contemporary era of management of post-MI patients. The results of these studies revealed that the use of beta-blockers was associated with lower mortality in high-risk MI patients. 8, [13] [14] [15] Several other trials compared the efficacy of metoprolol with carvedilol in post-MI patients. [16] [17] [18] Mrdovic et al. 18 reported that treatment with carvedilol versus metoprolol in patients with acute MI and left ventricular systolic dysfunction did not reduce composite cardiac adverse events. However, that study had two major limitations: the study was very small in scale and most of the population was revascularized with thrombolysis. Therefore, these trials did not evaluate the clinical benefit of beta-blockers in the era of PCI.
A meta-analysis compared the efficacy of a beta-1-selective beta-blockers with that of carvedilol in patients with congestive heart failure. 19 That study reported that carvedilol had a more beneficial impact than did other beta-1-selective beta-blockers in congestive heart failure. The potential mechanism of this benefit was postulated to be a pleiotropic effect of carvedilol, such as an antioxidant or vasodilating effect. However, patients with nonischemic heart failure were also included in that analysis, and the beta-1-selective beta-blocker used in the trial was either atenolol or metoprolol.
The benefit of bisoprolol in chronic heart failure was demonstrated by a large-scale randomized controlled trial. 20 In the subgroup analysis of this study, bisoprolol reduced the risk of all-cause mortality in patients with heart failure caused by ischemia. However, the study did not include MI patients without heart failure. Our study enrolled all acute MI patients treated by PCI and evaluated the efficacy of bisoprolol by comparing the benefits with carvedilol. The subgroup analysis of our study revealed that the benefit of bisoprolol on survival was not different from that of carvedilol according to the hemodynamic state of the patients. In patients without heart failure, the benefit of bisoprolol was comparable with carvedilol. The benefit of bisoprolol was also addressed by another trial. That trial reported that treatment with bisoprolol significantly reduced long-term cardiac death and MI in high-risk patients after major cardiac vascular surgery. 21 The pharmacological effects of bisoprolol are somewhat different from those of carvedilol. A study that analyzed and compared the pharmacological effects of bisoprolol and carvedilol reported that the effects of carvedilol on a heart rate at rest appeared to be weak or nonexistent, whereas bisoprolol was a potent beta-blocker both at rest and during exercise. 22 Furthermore, the blood pressure-effect was more prominent in carvedilol users than in bisoprolol users. The effect of carvedilol on blood pressure was mediated by not only beta-blocking but also alpha-blocking activity. However, this phenomenon may cause a compensatory increase in sympathetic tone, and this increase in sympathetic tone might diminish the beta-blocking effect of carvedilol, especially under conditions with physiologically low sympathetic tone. This finding may explain the better beta-blocking effect of bisoprolol in older MI patients or those with decreased systolic function.
Seo et al. 23 reported an impact of carvedilol versus beta-1-selective beta-blocker (bisoprolol, metoprolol, and nebivolol) in patients with acute myocardial infarction undergoing percutaneous coronary intervention from KAMIR data. It is clear that bisoprolol and nevibolol are the same kind of beta-1-selective beta-blocker, but they are different in phamacodynamics.
Our study had several limitations. First, we did not have data on the dosages and titrations of each beta-blocker. Therefore, we could not evaluate the impact of specific doses of bisoprolol or carvedilol. Second, because of its retrospective nature, differences in baseline characteristics could influence the outcome. To overcome these limitations, we adopted propensity-score matching. However, a large-scale randomized controlled trial may be needed to demonstrate the clinical benefits of bisoprolol compared with carvedilol in post-MI patients treated by PCI. Third, because of the relatively short duration of follow-up (mean duration: 10.2 months), long-term impacts on survival or MACEs were not addressed appropriately.
In conclusion, our study demonstrated the benefit of bisoprolol in the secondary prevention of acute MI regardless of the presence of heart failure. The clinical effects of bisoprolol were comparable with carvedilol in the secondary prevention of acute MI in patients who underwent PCI.
